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Description
Technical Field

[0001] The present invention relates to an alloy.
[0002] The alloy of the present invention relates to an
Fe-based low thermal expansion alloy that can be used
for welding and three-dimensional (3D) producing.

Background Art

[0003] Inrecent years, there has beenimproved accu-
racy of an industrial machine and semiconductor manu-
facturing equipment, and in order to avoid deviation in
dimension by heat, a low-thermal expansion alloy has
been used.

[0004] As a representative of low thermal expansion
alloys, there is an Fe-36%Ni Invar alloy having a low ther-
mal expansion coefficient. Especially, as a member re-
quired to have a high degree of accuracy, an Fe-32%Ni-
5%Co Super Invar alloy is used. The thermal expansion
coefficient of the Super Invar alloy is known to be equal
to or less than 1 ppm/°C.

[0005] However, itis known that this kind of Invar alloy
has austenite phases as main phases, and the austenite
phases have hot crack sensitivity.

[0006] Therefore, there is a problem that a crack is
generated when an Invar alloy is used as a welding ma-
terial.

[0007] In recent years, especially, three-dimensional
producing technologies have been actively researched.
For three-dimensional producing, a repetitive process of
melting and solidification of raw materials is necessary.
It is possible to regard this repetitive process as a con-
secutive phenomenon of welding. Therefore, in order to
use an Invar alloy as a welding material or a raw material
of three-dimensional producing, it is regarded necessary
to ameliorate the hot crack sensitivity.

[0008] A detailed description of hot crack sensitivity
will be given.

[0009] Fe and Niincluded in an Invar alloy includes S
as an inevitable impurity in minute quantities in a refining
process. It is known that S reacts with Fe to be FeS.
While the temperature at which a molten Invar alloy is
solidified is in the vicinity of 1500 °C, the melting point of
FeS isin the vicinity of 1190 °C, which is sufficiently lower
than the melting points of the main phases. As described,
FeS with low melting points permeates into grain bound-
aries of an Fe-Ni austenite phase as a liquid phase at
the time of solidification, and by this permeation, an inter-
granular cracking occurs.

[0010] There has been taken an approach to decrease
hot crack sensitivity by adding Nb or C in an Fe-36%Ni
Invar alloy. However, such an addition of impurities de-
grades a superior thermal expansion coefficient that the
Invar alloy has. That is, by adding Nb or C as an additive
material in a Super Invar alloy, the thermal expansion
coefficient becomes 1 ppm/°C or more, and there is a
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problem that it is impossible to take advantage of low
thermal expansion unique to a Super Invar alloy.
[0011] Itis also known that, as a measure to maintain
the thermal expansion coefficient, by controlling not only
acomposition butalso a structure, low thermal expansion
coefficient is realized.

[0012] For example, in Patent Literature JP 4 213 901
B2, by controlling the structure through thermal treat-
ment, rolling or forging at the time of casting, low thermal
expansion is realized. However, there is a problem that
itis impossible to roll or forge, and to control the structure
when such a Super Invar alloy is applied as a welding
material or a raw material of three-dimensional produc-
ing.

[0013] Further,in many cases, highintensity is realized
by a peculiar metallic structure by rapid quenching in
three-dimensional producing, and there is a case wherein
thermal treatment is not preferred as post-treatment.
[0014] As a result, when a conventional Super Invar
alloy is used for welding or three-dimensional producing
as a raw material, it is easily assumed that the thermal
expansion coefficient is degraded even when hot crack
sensitivity is improved.

Citation List
Patent Literature
[0015] Patent Literature 1: JP 4 213 901 B2

Non-Patent Literature

[0016]

Non-Patent Literature 1: KANEKO, Hideo,
NISHIZAWA, Taiji, and TAMAKI, Koreaki, "Sulfide-
forming Tendency of Alloying Elements in Steel",
Journal of the Japan Institute of Metals and Materials
(1963), Vol. 27(7), pp. 299-304 (July 1963)

Non-Patent Literature 2: TSUDA, Masaomi, "Effect
of Minor Alloying Elements on the Mean Thermal
Expansion Coefficient of Fe-36%Ni Invar Alloy",
1994, Vol. 80(12), pp. 944-949 (December 1, 1994)

Summary of Invention

Technical Problem

[0017] As seen above, as a material of welding or
three-dimensional producing, there has not yet been de-
veloped a Super Invar alloy that satisfies a thermal ex-
pansion coefficient of 1 ppm/°C.

[0018] The present invention is aimed at providing an
alloy having a small thermal expansion coefficient.

Solution to Problem

[0019] There is provided according to one aspect of
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the present invention, an alloy which includes:

Ni of 30 to 35 percent by mass;

Co of 3 to 6 percent by mass;

Ti of 0.02 to 1.0 percent by mass;

an inevitable impurity including S; and
Fe being a balance.

Advantageous Effects of Invention

[0020] According to the present invention, by the ad-
dition of Ti, it is possible to obtain an alloy whose high
temperature ductility is ameliorated, and hot crack sen-
sitivity is decreased.

Brief Description of Drawings

[0021]
FIG. 1 isarelationship diagram between temperature
and ductility;

is a diagram illustrating an implementation ex-
ample and a comparative example according
to a first embodiment;

is a state diagram of Tiand S;

is a diagram illustrating relation between duc-
tility and temperature of an Implementation Ex-
ample 1 and a Comparative Example 1 accord-
ing to the first embodiment;

is a diagram illustrating an implementation ex-
ample and a comparative example according
to the first embodiment;

is a diagram illustrating an implementation ex-
ample and a comparative example according
to the first embodiment;

is a diagram illustrating an implementation ex-
ample and a comparative example according
to a second embodiment; and

is a diagram illustrating a composition of a pre-
ferred Super Invar alloy according to the first
and second embodiments.

FIG. 2

FIG.
FIG. 4

w

FIG. 5

FIG. 6

FIG. 7

FIG. 8

Description of Embodiments

Definition

[0022]
lows:

The following symbols include meanings as fol-

"%": percent by mass (mass percentage)
"A%-B%": Equal to or more than A percent by mass,
and equal to or less than B percent by mass
"<B%": Equal to or more than 0 percent by mass,
and equal to or less than B percent by mass.

First Embodiment.

[0023] In the present embodiment, as a concrete ex-
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ample of an alloy, a Super Invar alloy used for welding
or three-dimensional producing will be described.

Basic Content For Consideration

[0024] First, basic contents for consideration in order
to decrease hot crack sensitivity will be described.
[0025] FIG. 1 is a relationship diagram between tem-
perature and ductility.

[0026] In FIG. 1, a horizontal axis is temperature, and
a vertical axis is ductility.

[0027] A material 91 that does not crack in FIG. 1 is a
material whose ductility is not decreased even when tem-
perature changes.

[0028] A material 92 that cracks in FIG. 1 is a material
whose ductility is decreased when temperature changes.
[0029] According to Japan Welding Engineering Soci-
ety, one of the causes of high crack sensitivity to hot
cracking is decrease in ductility at the time when the tem-
perature is high. High temperature in this case indicates,
in particular, 0.5 Tm to 0.7 Tm relative to a melting point
(hereinafter indicated as Tm). In this case, Tm is an ab-
solute temperature.

[0030] Therefore, the inventors of the present inven-
tion have considered that a material with low crack sen-
sitivity to hot cracking is a material whose ductility is not
decreased even under high temperature, as with the ma-
terial that does not crack 91 illustrated in FIG. 1, and have
addressed amelioration in high temperature ductility.
[0031] Thus, in the present embodiment, by providing
a casting material obtained by adding minor elements in
a Super Invar alloy, high temperature ductility under 0.5
Tm to 0.7 Tm is evaluated.

[0032] Further, by use of casting materials whose high
temperature ductility have been ameliorated, evaluation
is actually performed by welding or three-dimensional
producing, and a casting material whereby welding or
three-dimensional producing is possible without gener-
ating cracks is deemed to be a preferred material.

Concrete Test Process

Melting and Casting Process

[0033] By preparing Fe, Ni and Co being elemental
compositions of a Super Invar alloy, and Ti and Mn being
additive materials, melting and casting are performed in
a vacuum melting furnace.

[0034] In this case, the composition of Ni and Co, and
the composition of inevitable impurities are defined as
follows.

[0035] As a composition of a Super Invar alloy whose
thermal expansion coefficient becomes the smallest at
room temperature, Ni32% and Co5% is known. There-
fore, at this time, Ni:30-35% and Co0:3-6% is adopted.
[0036] As a concentration of impurities included in a
common raw material (specifically, Fe or Ni), P: <0.01%,
Si: <0.5% and the other impurity concentration <0.2% is
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adopted.

[0037] Heating treatment is performed on the casting
material obtained for one hour at 1000 °C for homogeni-
zation, and then, the casting material is cooled by furnace
cooling.

[0038] Thus, a casting material for which heating treat-
ment aimed at homogenization has been terminated is
obtained.

Tensile Test Process

[0039] By usingthe casting material after heating treat-
ment, a high-temperature tensile test is performed in the
range from 700 °C to 900 °C.

[0040] Additionally, for comparison, a tensile test at
room temperature is performed in parallel. In this case,
a casting material whose elongation of fracture obtained
by the tensile test at 700 °C to 900 °C is smaller than an
elongation of fracture at room temperature is regarded
as improper since high temperature ductility has notbeen
ameliorated. To the contrary, a casting material whose
elongation of fracture obtained by the tensile test at 700
°C to 900 °C is larger than an elongation of fracture at
room temperature is regarded as proper since ameliora-
tion effect of high temperature ductility has been ob-
tained.

Analysis Process of S

[0041] In order to perceive forms of compounds of im-
purity S, evaluation of the casting material after heating
treatment is performed by scanning electron microscope
(SEM) and transmission electron microscope (TEM).

Test Usage Process

[0042] From the casting material whose high temper-
ature ductility has been ameliorated, a wire or powders
are prepared, and whether a cracking is generated at the
time of welding or three-dimensional producing is veri-
fied; thus, the casting material wherein cracking is not
generated is evaluated to be proper in weldability.

Measurement Process of Thermal Expansion Coefficient

[0043] Lastly, regarding the casting material judged to
be properin weldability, the thermal expansion coefficient
is measured in the range from 0 °C to 60 °C, and an
average thermal expansion coefficient is identified.

Implementation Example and Comparison Example

[0044] Next, more detailed description will be provided
by giving implementation examples and comparative ex-
amples.

[0045] Each process of the comparative examples and
the implementation examples as described below is per-
formed under the same test condition as the test condition

10

15

20

25

30

35

40

45

50

55

as described in each process of the concrete test men-
tioned above.

Comparison Examples 1 and 2

[0046] The Comparative Example 1 of the presentem-
bodiment is a common Super Invar alloy. In the common
Super Invar alloy, only Mn is added in anticipation of a
trapping effect of S. It is well known that when Mn is
added in the Super Invar alloy, by reaction with S being
an inevitable impurity, MnS is generated.

Melting and Casting Process

[0047] Fe, Ni, Co and Mn are weighed to be the com-
positions of Fe, Ni, Co and Mn as illustrated in the Com-
parative Examples 1 and 2 in FIG. 2, and melted in a
vacuum melting furnace.

[0048] After melting several types of alloys, by pouring
the alloys into a mold so as not to generate shrinkage
cavities at a solidification time, a casting material is pre-
pared.

[0049] By holdingthe casting material obtained for one
hour at 1000 °C in an atmospheric furnace, homogeni-
zation processing is performed.

High Temperature Ductility Evaluation Process

[0050] In order to evaluate high temperature ductility
of the casting material obtained, a flanged tensile test
piece of ®6 mm with gauge length of 30 mm is prepared.

Tensile Test Method

[0051] A strain rate is set to be 3.3 X 10-3/s.

[0052] Since Tm of an Invar alloy is in the vicinity of
1500 °C, tests are performed for every 100 °C in a tem-
perature range from 700 °C to 900 °C, being 0.5 Tm to
0.7 Tm.

[0053] A tensile test piece is set in a testing machine,
and then surrounded by a muffle furnace so that the test
piece part is thoroughly covered, and the temperature is
elevated.

[0054] A testis started at the time when the tempera-
ture in the muffle furnace is elevated to a prescribed tem-
perature, and the temperature becomes constant.
[0055] By dividing an elongation of the test piece at the
time of fracturing by the length of test piece before the
test, an elongation of fracture is calculated.

[0056] Further, in order to evaluate whether high tem-
perature ductility is improved, a test is performed under
the same test condition also at room temperature.
[0057] By comparing an elongation of fracture at room
temperature with an elongation of fracture at high tem-
perature, it is evaluated whether an improvement effect
of high temperature ductility is obtained. As elongation
at this time, true strain is adopted.
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Test Result

[0058] As aresult, inthe Comparative Examples 1 and
2, it is confirmed that the ductility at high temperature is
seriously decreased compared to ductility at room tem-
perature. This phenomenon is a typical example of gen-
eration of weld cracking, and it is proved that it is difficult
for Mn which is publicly known to be added in a Super
Invar alloy to improve the high temperature ductility.

Analysis Process of S

[0059] Next, in order to evaluate a form of impurity S,
it is observed that in what form impurity S is precipitated
in SEM or TEM. Composition distribution of a precipitate
considered as an impurity is measured by using a com-
position analysis function by a wave-length dispersive X-
ray spectroscopy or an energy dispersive X-ray spec-
troscopy pertaining to SEM.

[0060] In the Comparative Examples 1 and 2, MnS is
detected when analysis is performed by SEM-EDX
(scanning electron microscope-energy dispersive X-ray
spectroscopy).

Weldability Evaluation Process

[0061] With respect to a composition wherein an elon-
gation of fracture obtained by a tensile test at 700 °C to
900 °C is greater than an elongation of fracture at room
temperature, it is evaluated whether a crack is not gen-
erated at the time when welding or three-dimensional
producing is actually performed. Evaluation is performed
in either of two ways as follows.

[0062] First Evaluation:

Evaluation is performed by forming a wire of ®1 mm
through wire drawing of the casting materials in the Com-
parative Examples 1 and 2, and welding plates of an Invar
alloy together. Otherwise, evaluation is performed by
forming a produced object with a width of 100 mm and a
height of 30 mm by directed energy deposition (DED).
[0063] Second Evaluation:

By performing vacuum melting on the compositions of
the Comparative Examples 1 and 2, powders are pro-
duced by water atomizing or gas atomizing, and a block
with a length of 10 mm, a width of 10 mm and a height
of 30 mm is produced by power bed fusion (PBF) by the
use of electron beam or laser.

[0064] By performing welding or three-dimensional
producing of wire or powders, a composition wherein a
crack is not generated in appearance, and wherein a
crack is not identified in the transmission image by X-ray
computed tomography is regarded as proper in welda-
bility.

[0065] In the Comparative Examples 1 and 2, a crack
is generated such that a weld crack is identified visually;
therefore, itis regarded as improper in weldability. Based
onthisresult, itis estimated thataweld crackis generated
by decrease in high temperature ductility.

10

15

20

25

30

35

40

45

50

55

Implementation Examples 1 through 4, Comparison Ex-

amples 3 and 4

[0066] Thus, the inventors of the present invention fo-
cus on a well-known effect of adding Mn.

[0067] Hereinafter, the reason why Mn is often added
in a Super Invar alloy will be described.

[0068] As described with respect to hot crack sensitiv-
ity, it is well known that when inevitable impurity S exists
in an alloy, S causes a chemical reaction with Fe to be-
come FeS. FeS has a melting point in the vicinity of 1190
°C, which is lower than the solidification temperature of
Fe. Therefore, even when crystals of Fe solidify, FeS is
leached out in grain boundaries, and an intergranular
cracking is generated. Therefore, generally, by adding
Mn superior in reactivity with S more than Fe, and gen-
erating MnS having a melting point of 1610 °C, an inter-
granular cracking due to liquefaction of compounds of S
is prevented.

[0069] However, in the Comparative Example 1 of the
present embodiment, with respect to a Super Invar alloy
with Mn added, it is confirmed that high temperature duc-
tility is decreased, and a weld crack is generated.
[0070] According to the description above, the inven-
tors of the present invention considers that compounds
of S play important roles in decrease in crack sensitivity
of a Super Invar alloy or decrease in high temperature
ductility of a Super Invar alloy.

[0071] Asone ofthe mechanisms for causing decrease
in high temperature ductility, grain-boundary segregation
of a compound of MnS is considered.

[0072] MnS has a high melting point, and a liquefaction
crack is not generated; although, it is known that MnS
has an inclination that segregation is easily formed in the
surface, and itis estimated that high temperature ductility
is decreased since a compound of MnS is precipitated
in grain boundaries at the time of welding or at high tem-
perature.

[0073] Therefore, itis considered that in a case of an
element having a high affinity for S more than Mn, whose
sulfide compound with S having a higher melting point
than MnS, being a stable sulfide compound energetically
stable, grain-boundary segregation does not occur, and
decrease in high temperature ductility is improved.
[0074] From this point of view, the inventors of the
present invention select Ti as a candidate material by
reference to Non-Patent Literature 1.

[0075] FIG. 3 illustrates a state diagram of Ti and S.
[0076] Ti has a high affinity for S, and it is confirmed
that intermetallic compounds of TiS,_x are generated. X
is here indicated as X since an accurate composition is
unclear. In the state diagram of FIG. 3, the range of X is
0 through 1.

[0077] Sinceitisbasically considered that precipitation
occurs from an intermetallic compound having a high
melting point, it is assumed that intermetallic compounds
between TiS and TiS, are precipitated. The melting
points of the intermetallic compounds indicated as TiS,_x
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are higher than 1850 °C, which are not explicitly known.

Melting and Casting Process

[0078] Therefore, in compositions of the Implementa-
tion Examples 1 to 4 and 7 as illustrated in FIG. 2, under
the same condition as the comparative example, a Super
Invar alloy with Ti added is produced. After producing the
Super Invar alloy, under that same condition as the com-
parative example, homogenization of the Super Invar al-
loy is performed.

[0079] Asillustratedin FIG. 2 and FIG. 8, metallic com-
positions of the Implementation Examples 1 to 4 and 7
are in the range as follows:

Ni: 32.3%-32.5%

Co: 4.8%-5.1%

Ti: 0.02%-1.0%

Mi: 0%-0.2%

Fe and inevitable impurities: the balance

The inevitable impurities include following.
S: 0.007%-0.01%
P: 0.007%-0.01%
Si: 0.26%-0.43%

Fe, Ni and Co are essential elements that configure
the Super Invar alloy.

[0080] Tiand Mn are added substances.

[0081] In the Implementation Examples 1 to 4, as ad-
ditives, only Ti and Mn are added.

[0082] In the Implementation Examples 1 to 4, no ad-
ditive other than Ti and Mn is included as additives.
[0083] Inthe Implementation Examples 1 to 4, no other
substances including Cr, Al, Nb, Mo, W, V, Zr, Si, Cu, C,
S, Be and B are added.

[0084] Inthe Implementation Example 7, only Tiis add-
ed as an additive.

[0085] In the Implementation Example 7, no additive
is included other than Ti as an additive.

[0086] Inthe Implementation Example 7, no other sub-
stances including Cr, Al, Nb, Mo, W, V, Zr, Si, Cu, C, S,
Be and B are added.

[0087] The reason why no other substances including
Cr, Al, Nb, Mo, W, V, Zr, Si, Cu, C, S, Be and B are added
is that, as described in Non-Patent Literature 2, a thermal
expansion coefficient is increased by adding the other
substances. In order to reduce hot crack sensitivity while
preserving a low thermal expansion coefficient, only Ti
and Mn are, or only Ti is necessary for forming a sulfide,
and the other substances are unnecessary.

High Temperature Ductility Evaluation Process

[0088] As illustrated in FIG. 2, in the Implementation
Examples 1to4 and 7, high temperature ductility is amel-
iorated than the ductility atroom temperature, expressing
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excellent high temperature ductility.

[0089] In the Comparative Example 1 not added with
Ti, a fracture is generated when ductility is about 10 %
at high temperature equal to or higher than 700 °C.
[0090] Inthe Implementation Example 1 with Ti added
in very small amounts, ductility is improved, and ductility
about 40 % can be confirmed.

[0091] In an ordinary metal, itis common that ductility
is improved at high temperature, and the attribute that
ductility is reduced at high temperature is called interme-
diate temperature embrittlement. It is considered that in
a normal Super Invar alloy as well, ductility is degraded
due to expression of intermediate temperature embrittle-
ment.

[0092] In the Implementation Examples 1 to 4 and the
Comparative Examples 3 and 4, when an additive
amount of Ti is examined, it is confirmed that high tem-
perature ductility is improved in a case wherein the ad-
ditive amount of Tiis equal to or more than 0.02 %. Mean-
while, in the Comparative Example 3, when the additive
amountofTiis settobe 0.01 %, high temperature ductility
is not sufficiently improved; thus, it is estimated that pre-
ferred crack sensitivity cannot be developed.

[0093] As a representative example of results of the
high temperature ductility mentioned above, in FIG. 4,
relations between ductility and temperature in the Imple-
mentation Example 1 and the Comparative Example 1
are plotted.

[0094] As can be seen from FIG. 4, ductility in the Im-
plementation Example 1 being a Super Invar alloy with
Ti added is not decreased. The inventors of the present
invention focus on, as a material whose hot crack sensi-
tivity becomes small, that ductility at high temperature is
not decreased; however, as a result, it is confirmed that
a correlation with the diagram illustrated in FIG. 1 is re-
vealed.

Analysis Process of S

[0095] Inordertodiscuss a factorof excellent high tem-
perature ductility due to addition of Ti, the Implementation
Examples 1 to 4 are analyzed by SEM and EDS.
[0096] From the Implementation Examples 1 to 4, Ti,
Mn and S are detected. It is considered, as what is esti-
mated from the state diagram, TiS,_yx being intermetallic
compounds of Tiand S, MnS being an intermetallic com-
pound of Mn and S, or Mn-Ti-S being intermetallic com-
pounds of Mn, Ti and S wherein Mn and Ti are mixed.

Weldability Evaluation Process

[0097] Accordingly, it is evaluated whether excellent
high temperature ductility is effective to cracks generated
at the time of welding or three-dimensional printing.
When samples are produced by a three-dimensional
printer from Super Invar alloys of the Implementation Ex-
amples 1 to 4, a crack is not generated, and a crack is
not identified even in a transmission image by an X-ray
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computed tomography. According to this result, by add-
ing Ti, it is possible to ameliorate cracks generated in the
general Super Invar alloys illustrated in the Comparative
Examples 1 and 2.

[0098] However, since a Super Invar alloy has an out-
standing low thermal expansion coefficient (equal to or
lower than 1 ppm/°C), it is necessary to limit an additive
amountof Ti. Since itis also indicated in Patent Literature
1 that excessive addition of Tiincreases crack sensitivity,
it is necessary to limit the additive amount of Ti.

Measurement Process of Thermal Expansion Coefficient

[0099] As illustrated in FIG. 2, in the Implementation
Examples 1to4 and 7, itis possible to realize low thermal
expansion coefficients equal to or lower than 1 ppm/°C,
all being values of standard. Meanwhile, in the Compar-
ative Example 4, it is 1.2 ppm/°C, and it is impossible to
realize a sufficient low thermal expansion coefficient. The
reason is considered to be such that, by adding a quantity
of Ti, impurities are increased in the Super Invar alloy,
which leads to a negative effect on a low thermal expan-
sion coefficient.

[0100] Therefore, it is proved that, from the present
Implementation Examples 1 to 4 and the Comparative
Examples 3 and 4, the additive amount of Ti for decreas-
ing hot crack sensitivity while maintaining a low thermal
expansion coefficient is equal to or more than 0.02%,
and equal to or lower than 1.0%.

Implementation Examples 5 to 7, Comparison Examples
5and 6

[0101] Next, it is examined whether it is possible to
obtain an effect of improving high temperature ductility
at the time when Ti is added even when Mn is not added.
[0102] As illustrated in FIG. 2 and FIG. 5, the metallic
compositions in the Implementation Examples 5to 7 are
in the range as follows:

Ni: 32%-32.5%

Co: 4.6%-4.9%

Ti: 0.02%-1.0%

Mn: 0%

Fe and inevitable impurities: the balance
Inevitable Impurities include following:

S: 0.009%-0.01%
P: 0.007%-0.008%
Si: 0.30%-0.36%

Fe, Ni and Co are essential elements that configure
the Super Invar alloy.

[0103] Tiis an added element.

[0104] In the Implementation Examples 5to 7, only Ti
is added as an additive, and

[0105] in the Implementation Examples 5 to 7, no ad-
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ditive other than Ti is included.
[0106] Inthe Implementation Examples 5to 7, no other
substances including Mn, Cr, Al, Nb, Mo, W, V, Zr, Si,
Cu, C, S, Be and B are added.

Welding and Casting Process

[0107] Next, in order to evaluate superiority of Ti form-
ing compounds of S, a Super Invar alloy is produced by
preparing Fe, Ni and Co, not added with Mn, and heating
and cooling are performed.

[0108] Specifically, a Super Invar alloy is produced in
the compositions according to the Implementation Ex-
amples 5 and 6 illustrated in FIG. 5, and the Implemen-
tation Example 7 illustrated in FIG. 1, and heating and
cooling are performed.

High Temperature Ductility Evaluation Process

[0109] As illustrated in FIG. 2 and FIG. 5, as a result
of high-temperature tensile tests in the Implementation
Examples 5 to 7, it is possible to obtain an effect of im-
proving high temperature ductility even without addition
of Mn. However, in a case of the Comparative Example
5, wherein the concentration of Ti is 0.01 % similarly to
the Comparative Example 3, it is impossible to develop
a sufficient effect. According to this result, it is proven
that high temperature ductility is improved by an additive
amount of Ti even without addition of Mn, and it is con-
firmed that improvement of high temperature ductility re-
lies on the additive amount of Ti.

Weldability Evaluation Process

[0110] When weldability evaluation is performed by us-
ing this Super Invar alloy, weld cracking is not identified
in the Implementation Examples 5 to 7 wherein high tem-
perature ductility is improved.

Measurement Process of Thermal Expansion Coefficient

[0111] As illustrated in FIG. 5, in the Implementation
Examples 5 to 7, it is possible to realize low thermal ex-
pansion coefficients equal to or lower than 1 ppm/°C, all
being values of standard.

[0112] Meanwhile, as in the Comparative Example 6
wherein the additive amount of Tiis 1.2 %, itis impossible
to realize a sufficient low thermal expansion coefficient,
which is 1.1 ppm/°C. It is considered the reason is that
an element Ti being an impurity for a Super Invar alloy
is mixed into in great quantity.

[0113] By the Comparative Example 6, it is confirmed
that there is a limit to an additive amount of Ti as with the
Comparative Example 4.

[0114] According to the above results, as illustrated in
FIG. 8, when the composition of inevitable impurities is
as follows, the composition of a Super Invar alloy as fol-
lows is suitable.
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Ni: 30%-35%

Co: 3%-6%

Ti: 0.02%-1.0%

Mn: 0%-0.2%

Fe and inevitable impurities: the balance
Inevitable impurities include following:

S: 0.007%-0.01%
P: 0%-0.01%
Si: 0%-0.5%.

Implementation Examples 8 and 9, Comparison Exam-
ples 7 and 8

[0115] In the implementation examples and compara-
tive examples above, itis described thatafavorable result
is obtained by intermetallic compounds of Ti and S, as
an effect of adding Ti.

[0116] In the present Implementation Examples 8 and
9, and the Comparative Examples 7 and 8, by intendedly
adding S in a Super Invar alloy, it is examined whether
a correlation is identified among Ti, S and improvement
of high temperature ductility.

Welding and Casting Process

[0117] For validation, in the composition as illustrated
in FIG. 6, a Super Invar alloy is produced by fixing Ti to
0.1%, and adding S as much as Ti (0.1%) to 4 times as
much as Ti (0.4%).

Tensile Test

[0118] Next, high temperature ductility in the Imple-
mentation Examples 8 and 9, and the Comparative Ex-
amples 7 and 8 is evaluated.

[0119] Asaresult, asillustratedin FIG. 6, itis confirmed
that in the Implementation Examples 8 and 9 wherein
concentration of S is up to twice the concentration of Ti,
high temperature ductility is improved; whereas, in the
Comparative Examples 7 and 8 wherein concentration
of S is added to be 3 to 4 times the concentration of Ti,
high temperature ductility is not improved.

[0120] According to this, it is confirmed that high tem-
perature ductility is changed relative to concentration of
S, and it is again confirmed that an element that has a
negative effect on high temperature ductility is S. Further,
it is also proved that intermetallic compounds of Ti and
S are effective to improvement of high temperature duc-
tility.

[0121] As afactor that high temperature ductility is not
improved when a Ti-to-S mass ratio is less than 0.5 (Ti/S
< 0.5), it is estimated that intermetallic compounds indi-
cated by TiS,_y are not sufficiently formed. In the Com-
parative Examples 7 and 8 wherein the amount of S is
large, since Ti is lacking, intermetallic compounds indi-
cated by TiS,_x are not generated sufficiently. Accord-
ingly, it is considered that high temperature ductility is
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not improved.
[0122] Thus, it is possible to confirm that the Ti-to-S
mass ratio needs to be Ti/S > 0.5.

Characteristic

[0123] The Super Invar alloy of the present embodi-
ment is a concrete example of a low thermal expansion
alloy and an alloy.

[0124] By suitably adding Tiin the Super Invar alloy of
the present embodiment, impurity S that is inevitably in-
cluded in Fe and Ni reacts with Ti to form intermetallic
compounds of Ti and S.

[0125] The intermetallic compounds include TiS,_y (X
= 0 through 1). Otherwise, the intermetallic compounds
include Mn-Ti-S.

[0126] Itis possible to provide the Super Invar alloy of
the presentembodiment as a wire produced through wire
drawing. By using this wire as a welding material, it is
possible to produce a metallic weldment.

[0127] It is possible for the Super Invar alloy of the
present embodiment to provide alloy powders produced
by water atomizing or gas atomizing. It is possible to pro-
duce a metallic three-dimensional produced object by
using this alloy powders as raw powders.

[0128] It is possible for the Super Invar alloy of the
present embodiment to obtain a low thermal expansion
alloy whose thermal expansion coefficient is equal to or
lower than 1 ppm/°C without need for controlling a struc-
ture.

[0129] According to the present embodiment, in the
Super Invar alloy, by adding Ti in order to form interme-
tallic compounds with S, having high melting points, com-
pounds of S are inhibited from being segregated in grain
boundaries.

[0130] According to the present embodiment, itis pos-
sible to improve high temperature ductility, and to obtain
a low thermal expansion alloy wherein hot crack sensi-
tivity is decreased.

[0131] According to the presentembodiment, in acase
wherein a repeating process of heating and cooling such
as three-dimensional producing exists, or in a case of
welding, it is possible to obtain a low thermal expansion
alloy whose thermal expansion coefficient is maintained
to be equal to or lower than 1 ppm/°C in the range from
0 °C to 60 °C.

[0132] According to the present embodiment, even in
a case wherein control over a structure by thermal treat-
ment at the time of casting, rolling or forging is difficult,
it is possible to obtain a low thermal expansion alloy
whose thermal expansion coefficient is maintained to be
equal to or lower than 1 ppm/°C.

Second Embodiment.

[0133] In the second embodiment, description will be
provided with respect to points different from those in the
first embodiment.
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Implementation Examples 10 and 11

[0134] Inthe Implementation Examples 1to 9, and the
Comparative Examples 1 to 8, from a point of view of
effectiveness to improvement of high temperature duc-
tility, description has been made by focusing on interme-
tallic compounds wherein Ti is combined with S, as a
trapping effect of S.

[0135] Inthepresentimplementation Examples 10and
11, description will be provided by focusing on elements
other than Ti, with respect to metallic elements whereby
similar effects can be obtained.

[0136] It has been described as a factor of focusing on
Ti that it is possible for Ti to easily form compounds of S
more than Mn, and that intermetallic compounds of Ti
and S have high melting points, being energetically sta-
ble.

[0137] Based on the present concept, as elements
whereby the similar effects can be obtained, Zr and Hf
are focused on.

[0138] In Non-Patent Literature 1, it is indicated that
sulfides are easily formed, and it is also described that it
is easier to form sulfides with Zr and Ti than Mn. Further,
since Hf has properties quite similar to Zr, itis considered
that Hf can easily form a sulfide similarly.

[0139] Therefore, in the present Implementation Ex-
amples 10 and 11, it is evaluated whether improvement
of high temperature ductility and an amelioration effect
of weld cracking are obtained in a case wherein Zr and
Hf are added instead of Ti. The test is performed under
the same condition as that of the first embodiment, also
in each process of the test in the present second embod-
iment.

[0140] 0.1% of Zr is added in the Implementation Ex-
ample 10, and 0.1 % of Hf is added in the Implementation
Example 11, respectively, in a Super Invar alloy, and a
Super Invar alloy is produced in compositions as illus-
trated in FIG. 7.

[0141] As illustrated in FIG. 7, the metallic composi-
tions of the Implementation Examples 10 and 11 are in
the range as follows:

Ni: 32.1%-32.2%

Co: 4.4%-4.6%

Zr or Hf: 0.1%

Mn: 0.2%

Fe and inevitable impurities: the balance
Inevitable impurities include following:

S: 0.008%-0.009%
P: 0.007%-0.009%
Si: 0.26%-0.37%

Fe, Ni and Co are essential elements that configure
the Super Invar alloy.

[0142]
[0143]

Zr or Hf, and Mn are added elements.
Inthe Implementation Examples 10and 11, only
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Zr or Hf, and Mn are added as additives.

[0144] In the Implementation Examples 10 and 11, no
additive other than Zr or Hf, and Mn is included.

[0145] In the Implementation Examples 10 and 11, no
other substances including Cr, Al, Nb, Mo, W, V, Ti, Si,
Cu, C, S, Be and B are added.

[0146] As a result, in both of the Implementation Ex-
amples 10 and 11, it is confirmed that high temperature
ductility is improved compared to ductility at room tem-
perature, and the similar effect as with Ti is confirmed.
[0147] Further, in the Implementation Examples 10
and 11, thermal expansion coefficients of equal to or less
than 1.0 ppm/°C are realized as well. Even in weldability
evaluation using wires of the Super Invar alloys of the
Implementation Examples 10 and 11, a crack is not iden-
tified, and they are confirmed to be useful materials.
[0148] According to the above, even when Zr or Hf is
added instead of Ti, itis possible to obtain the same effect
as in a case wherein Ti is added.

[0149] Therefore, asillustrated in FIG. 8, alow thermal
expansion alloy of the present embodiment is a low ther-
mal expansion alloy including 30 to 35 percent by mass
of Ni, 3 to 6 percent by mass of Co, and the balance
composed of Fe and trace elements.

[0150] The low thermal expansion alloy of the present
embodiment is a low thermal expansion alloy wherein
0.02 to 1.0 percent by mass of Zr or Hf is added, and S
being an inevitable impurity forms an intermetallic com-
pound with Zr or Hf.

[0151] The intermetallic compound includes an inter-
metallic compound composed of S and Zr or Hf.

[0152] When an alloy includes Mn, the intermetallic
compound includes an intermetallic compound com-
posed of Mn, S and Zr or Hf.

[0153] A mass ratio of Zr or Hf to S is equal to or more
than 0.5.

[0154] Itis possible to provide the Super Invar alloy of
the present embodiment as a wire formed by wire draw-
ing. Itis possible to produce a metallic weldment by using
this wire as a welding material.

[0155] Itis possible to provide the Super Invar alloy of
the present embodiment as alloy powders formed by wa-
ter atomizing or gas atomizing. It is possible to form a
metallic three-dimensional produced object by using the
alloy powders as raw powders.

[0156] It may be applicable to add 0.02%-1.0% of a
mixture of any two or more kinds of Ti, Zr and Hf.

List of Reference Signs

[0157]

91 material that does not crack
92  material that cracks
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Claims

1.

An alloy that does not include an additive other than
Ti and Mn as an additive, the alloy comprising:

Ni of 30 to 35 percent by mass;

Co of 3 to 6 percent by mass;

Tiof 0.02 to 1.0 percent by mass;

Mn of 0 to 0.2 percent by mass;

an inevitable impurity including S; and
Fe being a balance.

The alloy as defined in claim 1, comprising:

the Ni of 32.3 to 32.5 percent by mass;
the Co of 4.4 to 5.1 percent by mass;

the Ti of 0.02 to 1.0 percent by mass; and
the S of 0.007 to 0.01 percent by mass.

The alloy as defined in claim 1 or claim 2,
including only Ti as the additive, the alloy comprising
intermetallic compounds of Tiand S.

The alloy as defined in any one of claim 1 through
claim 3,

including only Ti and Mn as the additive, the alloy
comprising intermetallic compounds of Mn, Tiand S.

An alloy that does not include an additive other than
Zr and Mn, or an additive other than Hf and Mn, as
an additive,

the alloy comprising:

Ni of 30 to 35 percent by mass;

Co of 3 to 6 percent by mass;

Zr or Hf of 0.02 to 1.0 percent by mass;
Mn of 0 to 0.2 percent by mass;

an inevitable impurity including S; and
Fe being a balance.

An alloy, wherein a mass ratio of Ti to S is equal to
or more than 0.5,
the alloy comprising:

Ni of 30 to 35 percent by mass;

Co of 3 to 6 percent by mass;

Tiof 0.02 to 1.0 percent by mass;

an inevitable impurity including S; and
Fe being a balance.

A wire formed of the alloy as defined in any one of
claim 1 through claim 6.

An alloy powder formed of the alloy as defined in any
one of claim 1 through claim 6.

15

20

25

30

35

40

45

50

55

10

18



EP 4 074 434 A1

WL INIOd ONILTAR

J4SVAYOdd SI ALI'TILONA
HINLVIAdWNA L HOIH
(WLL "0-WIG "0)

HINLVIAdNEL WOOY

HINLVYHdNA L « m

AOVHD LON SH0d LVHL TVI¥HLVI: 16

((
)

SYOVYD IVHL
TVIYdLYN:C6

v

(ALITI10Nd) NOILVONOTH

1"



EP 4 074 434 A1

. . . . . . . ol - v
124
71 e O ST | 11| 88 | 28 [17°0]800°0| 2T | 270 [L00°0| 8°F V3| TBA[ '\ rinon
. . . . . . . ¢ Xd
— ‘ 124
X v 1 | 21 | 81| 08 [82°0]{200°0| 1070 | 0 [800°0| 1°¢ [6°CE| TB| o\ iivmion
. . . . . ol - z
B 124
X X VIl or [ 1T [ 08 [3€°0|T0°0| O | 0T [600°0f 0°G 82| TBAf 1 roneon
. . . . . . T Xd
- : m
X X €1 | 11| a1 | 18 [17°0]600°0] 0 | €0 [600°0f L7 [67CE| TBH| o\ ove o
. . . . . . A
. . 124
0°1 O O v | Gv | L& | 08 [96°0(800°0| 0T | 0 [10°0| 67 [SGE| TBH |\ v anaianT
. . . . . . . |- v oXd
124
60 e O V| Ly | 28 | 3€ [9€°0|200°0| 870 | G270 [T0°0 | 8 ¥ BE| TRA |\ v
. . . . . . . . . ¢ Xd
124
10 O O €V | 9y [ 96 | 1€ [82°0| T0°0 | S0 | 270 |600°0f 17 |G E| TBE [\ 0o
. . . . . . . - z Xd
B
e0 O O ov | Ly | 88 | @€ [€7°0]600°0| S0°0 | 70 [L00°0f 6T |V BE| TR |\ v an
. . . . . . . - T X4
124
70 O O Gy | 8V | L& [ 1€ |92°0|L00°0| 2070 [ 270 [600°0| 8V |€CE| TBH| 0 v NN TN
0  /udd ALTTLIONG | 006 | 008 [ooL | * | 1s | 4 | uK S o) | IN | ad
INATOTAAH00 | NOTLYNTYAT | 2N LVIAdNAL 4 “ON TTdIVS
NOTSNVAXH [ALITIGVaTaM|  HOIH (%) TANLOVAL
TVIIHHL ONIAOUdRI d0 NOTLYONOTH (14) NOLLISOd0D

¢ ‘S

12



EP 4 074 434 A1

0,006

0,008

0,001

("L ) JENLVYEdWIL WOOY

T

[ dIdWVXd JATLVIVANOO

[ dIdNVXd NOILVINANATINI

N\

(L
27

Lt

¢ 814

0

0T

0¢

0¢

0¥

0¢

(%) NOTLVONOTH

13



EP 4 074 434 A1

INJING 1UsdI9d IUSTop

S 1]
001 06 08 0. 09 05 0F 0¢ 02 0T 0
_ _ l _ _ 1 _ _ | 006
fat ! ! “
SIl— “ “ H(TL ) —— 009
0,2€9 L3 “
| ot > SRS
STl |1o2 | - 008
L L 0,988
1 Aoy | I I | R | I L1006
- N .
| m : L 000T
LD
eeR=a (ILd)— 0011
P
I FIl sraram L
! ! D606 T — 0061
! ! =TT — 00%1
1391 ©
STH— L 0051
20261~ [—g¥tT1]
— 0091
— 00L1
0T 8 T
S'Il— 0811 — 0081
— 0061
0002

b 8l

D, @Injeiadus],

14



EP 4 074 434 A1

. . . . . . . . 9 X4
1°1 O O P11 OT | LE | €€ [9€°0]1600°0| 21T 0 [800°0| 6% |€ ¢ "I8d TATLVIVINOD
. . . . . g X"
— : m
X AV €L 1€ [ 0c | 1€ [ ¥°0|8000C]ITO0] O JT0°0 § |LcE| "IkBd TATLVIVINOD
. . . . . . . . 9 Xd
L0 O O Sv | 9¥ | 6€ | 62 [0€°0]L00°0] 8°0 0 [600°01 8F |V 'cc| 18d NOT LY INTRA TN
. . . . . . . g Xd
2
20 O O GV | LV | 88 | 0€ [S€7°0]L00°0]1c00 O [T0O0]| 97 | ¢€ red NOT LV INTRA TN
0 /udd ALTTILONA oo
° 006 [ 008 [ 00L |'L ¥ TS d IL Up S 0D IN | °d
INIIOTAAA0D | NOTLV'IVAL [HANLVIHdRAL 'ON ATdNVS
NOTSNVAXd [ALTTIAVATIM HOIH (%) FANLOVIA oM
TVIWIHHL ONTAOYAIWT J0 NOTLVONOTA (631) NOLLISOdNO)

¢ 314

15



EP 4 074 434 A1

. . . . . . . . 8 Xd
. X X 1| 6 |or| 92 |og0[800°0| 10 [G0| ¥0 | 8% [Vae| o8] o\ oo
. . . . . . . . L Xd
. X v 81| 1 [S1| ¢ [627°0|200°0| T°0 |0 €0 |9V |6Tef 1oa| o ot
. . . . . . . . . 6 Xd
G0 O @) ce | 9¢ |ec| 82 [L6°0{600°0| T°0 |20 |20 |67 [63E| To0| v
. . . . . . . . . 8 Xd
b0 O @) 9t [ 98 |ce | o¢ [9z0]L0070| T0 |20 | T°0 [ 8% [€BE| TRH| v
0 ./udd ALVILIONG To06 | 00g {002 L d| ts | d [ th [ ww | s | o | | e
INATOTIH0D | NOTLVIVIVAL |SRINLVAAdNAL ‘oN A1dHVS
NOTSNVAXH [ALTTTEVATAN]  HOTH (%) TANLOVAL .
TVIRIEHL ONTAOYANT | o NOTLVONO'TH (%34) NOTLTSOAHOD

9 ‘31

16



EP 4 074 434 A1

IT X4

G0 O @) g¢ | 9¢ | ec | 8z [Le0|600°0| 10| 0 [2°0]600°0[9F |1 €| Ted| NOLLVL
-NHWH TN
0T X4
v 0 O @) 9¢ | 9¢ | e | oe [927°0|L00°0] 0 | T°0 [20]800°0 (¥ ¥z €e| Ted| NOTLVL
-NHWA TN
J o/uad ALTTIIona  [006 008 ool f L ¥ ts [ d [ I | Az || S [ [ IN[od|
INGIDTAIH0D| NOLIVATVAL | o e ON
NOTSNVAXH |ALTTIEVATHN (%) TANLOVAL A1dWVS
HOTH ONTAO¥ANI ’ o
TVAYHHL 40 NOTLVONOTH (¥14) NOLLISOJHOD

L ‘814

17



EP 4 074 434 A1

%G "0-%0 IS
%10 "0-%0 :d
%10 "0—%L00 "0:S

|

HONV'IVE :od

| —— S ONIANTONI ALTENdNI HTdVIIAANI

SSYW A9 JH %0 '1-20°0 :TL
SSVIL A4 00 %9-€ :00
SSYW Ad IN %S€-0€ :IN
AOTIV YVANI ¥ddNS
(INFIWTAOdWd aNODES)

HONV'IVE :od

AN

(%T0 "0-%L00 "0 :S)
S ONIANTONI ALTHNANI dTdVIIAANI
%0 UN
%0 "T-%c0 0 Il
%6 ‘T-%9 ¥ :00
%S "2-%cE 1IN
(L-G SATINVXH NOTLVINAWATANI) ROTIV YVANI ¥ddNS

ALTINANT ATIVLIAUNI /
//

AN AONVTYE :od

S ONIANTIONI ALIdNdNI ATIVIIAGNI
SSYW A9 4Z %0 '1-20°0 :TL
SSVIL A4 00 %9-€ :00
SSYW Ad IN %S€-0€ :IN
AOTIV YVANI ¥ddNS
(INFIWTAOdWd aNODES)

%1 "G-%V ¥ :00
%G "6E-%E "¢ 1IN

(L P-T SATINVXd NOTILVINAWATANI) AOTIV YVANI ¥dd

AONVIVE :od ’ /
(%T0 "0-%L00 "0 :S) /
S ONIANTONI ALTMNANI ATdVIIAANI
%G "0-%0 UKW
%0 "T-%20 0 :Tl
ns

HONV'IVE :od
S ONIANIONI ALTdNdNI ATdVIIAGNI
SSYW A9 TL %0 '1-20°0 :TL
SSVI A4 00 %9-€ :00
SSYW Ad IN %S€-0€ :IN
AOTIV YVANI ¥ddNS
(ININTAodd 1Sd1d)

g 314

18



10

15

20

25

30

35

40

45

50

55

EP 4 074 434 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2019/049027

A. CLASSIFICATION OF SUBJECT MATTER

Int.Cl. B22F1/00(2006.01)i, B22F3/16(2006.01)i, B22F9/08(2006.01)1,
C22C1/04(2006.01)i, C22C38/00(2006.01)i, C22C38/14(2006.01)1i

FI: C22C38/00302%, C22C38/14, C22C38/00302R, B22F1/00M, B22F9/08A, C22C1/04B,
B22F3/16

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. C22C38/00, B22F1/00, B22F3/16, B22F9/08, C22C1l/04, C22C38/14

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2020
Registered utility model specifications of Japan 1996-2020
Published registered utility model applications of Japan 1994-2020

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 2016-11451 A (SHIN-HOKOKU STEEL CORP.) 21.01.2016 1-8
(2016-01-21)

A Jp 7-216510 A (HITACHI METALS LTD.) 15.08.1995 1-8
(1995-08-15)

A JP 2016-27187 A (SHIN-HOKOKU STEEL CORP.) 18.02.2016 1-8
(2016-02-18)

A JP 2018-145474 A (SHIN-HOKOKU STEEL CORP.) 20.09.2018 1-8
(2018-09-20)

A WO 2019/044093 Al (NIPPON CHUZO K. K.) 07.03.2019 1-8
(2019-03-07)

|:| Further documents are listed in the continuation of Box C. & See patent family annex.
* Special categories of cited documents: “T”  later document published after the international filing date or priority
“A”  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E”  earlier application or patent but published on or after the international “X”  document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0”  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination

“P”  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed “&”  document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
03.03.2020 17.03.2020
Name and mailing address of the ISA/ Authorized officer

Japan Patent Office
3-4-3, Kasumigaseki, Chiyoda-ku,

Tokyo 100-8915, Japan Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)

19




10

15

20

25

30

35

40

45

50

55

EP 4 074 434 A1

INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members PCT/JP2019/049027

JP 2016-11451 A 21.01.2016

JP 7-216510 A 15.08.1995

Jp 2016-27187 A 18.02.2016

JP 2018-145474 A  20.09.2018

WO 2019/044093 A1 07.03.2019

(Family: none)

(Family: none)

Jp
CN
KR
W
CN
KR
W

2016-27188 A
105296844 A
10-2016-0004195 A
201608036 A
105296846 A
10-2016-0004194 A
201608037 A

(Family: none)

W

201912809 A

Form PCT/ISA/210 (patent family annex) (January 2015)

20




EP 4 074 434 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  JP 4213901 B [0012] [0015]

Non-patent literature cited in the description

* KANEKO, HIDEO ; NISHIZAWA, TAlJI ; TAMAKI, * TSUDA, MASAOMI. Effect of Minor Alloying Ele-
KOREAKI. Sulfide-forming Tendency of Alloying EI- ments on the Mean Thermal Expansion Coefficient
ements in Steel. Journal of the Japan Institute of Met- of Fe-36%Ni Invar Alloy, 01 December 1994, vol. 80
als and Materials, July 1963, vol. 27 (7), 299-304 (12), 944-949 [0016]

[0016]

21



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

